Introduction
Shell structures have a wide range of engineering applications in aircraft fuselages, ship hulls, buildings, bridges and vehicle chassis, among other structures. With the advent of fiberreinforced laminated composites, the applicability of shell structures has increased many folds due to their low weight, high stiffness and high strength properties. During their build and fabrication, sandwich structures are subjected to various edge loads which can lead quickly to failure. Hence the effects of initial stresses on the dynamic response of composite sandwich shells have become an active field of applied research in recent years.
A significant amount of efforts [1] [2] [3] has been spent to study the dynamic response of laminated composite shell structures. Irie et al [4] employed the Rayleigh-Ritz method based on the Kirchhoff-Love theory to calculate the natural frequencies and mode shapes of a cantilever folded plate. Liu and Huang [5] developed the finite element transfer matrix method based on the classical plate theory (CPT) to study the natural frequencies of cantilever folded plates and shell panels. Cheung and Kong [6] used spline finite strip method to analyse folded plate structures. The displacement function of a flat shell finite strip is made up of two parts, namely the two in-plane displacement interpolations and the out-of-plane displacement interpolation.
Each of the three displacement components is interpolated by a set of computed shape functions in the longitudinal direction and, as usual, one-dimensional shape functions in the transverse direction. Only standard beam shape functions are involved in the longitudinal computed shape functions. The computation of the stiffness matrix involves no numerical integration. Daniel et al [7] investigated the impact response of plate with stringers and thin walled box beams utilising a spectral element method. The results were verified with the finite element model based on a Composites Part B: Engineering 3 combination of Discrete Kirchhoff Triangle (DKT) plate element and constant strain triangular element (CST) with drilling degrees of freedom. Allman [8] devised a triangular flat facet finite element incorporating the bending and membrane consistent mass matrices to analyse the free vibration response of folded plate structures. To the best of the author's knowledge, the work of Allman [8] is one of the few attempts to incorporate consistent mass matrix containing rotary inertia terms in an element formulation. Suresh and Malhotra [9] used a four node plate bending element with drilling degrees of freedom based on a first order shear deformation theory to determine the natural frequencies and modal loss factors of box beams. Niyogi et al [10] analysed composite folded plate structures using a nine node plate bending element with drilling degree of freedom based on a first order shear deformation theory. Lee et al [11] predicted the dynamic behaviour of folded composite plates by using a four node plate bending element with drilling degree of freedom based on a third order shear deformation theory. Subsequently Lee and Wooh [12] extended their earlier idea to analyse the free vibration response of composite box beams.
Rao et al [13] performed experiments on initially stressed damped sandwich beams along with a finite element formulation to determine the natural frequencies and loss factors. More recently the present authors [14] [15] presented results for the natural frequencies of undamped and damped composite sandwich shells using flat facetted higher order shell elements.
From a literature review, apart from the earlier works [13] , which deals with damping analysis of initially stressed sandwich panels, the dynamic behaviour of initially stressed composite sandwich shells which arise in many practical situations has received very little attention. In the present study, a four node assumed strain shell element is developed based on a first order shear deformation theory having six degrees of freedom per node to analyse the transient response of initially stressed composite sandwich folded plate structures.
Composites Part B: Engineering

2 Finite Element Formulation
The present finite element displacement field (see Figure 1 ) of a new four node shell element based on a first order shear deformation theory is stated [16] as ( ) 
where 1 u , 2 u and 3 u are the displacement components in the x, y and z directions respectively, of a generic point in the laminate space. 
where ξ and η are the usual iso-parametric coordinates.
The strains associated with the displacements in Equation (1) are
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The generalized mid-surface strains at any point given by Equation (3) 
where
are generated strain-displacement matrices. One basic problem inherent in the use of standard interpolation of the strains for the transverse shear components is that the element locks when it is thin. The reason for this locking is that the element, when loaded in pure bending, will exhibit spurious transverse shear energy. In order to overcome the shear locking, Dvorkin and Bathe [17] proposed assumed interpolations for the shear strain to develop a four node assumed strain degenerated shell element. In the present paper same shape functions are chosen to develop our new four node flat shell element with vortex rotations.
The substitute shear strain fields [17] are chosen as follows:
where ( ) ( ) In order to eliminate locking, the following equations are obtained:
It is possible to write 
where it is assumed that e αβ is the strain tensor in the ( ) , ξ η coordinate system and ij ε is the strain tensor in the ( ) , x y system. For further details, see Dvorkin and Bathe [17] . For implementation purpose, s ε in Equation (4) 
Here the unknown vector { } ∆ is generated by the assemblage of element degrees of freedom 
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A B etc are the plate stiffness, defined by [
where [ ] 
where g T is the transformation matrix [19] from local to global axes as given below 
and ( ) , X x denotes the angle between the positive X (global) and x (local) axes.
A 2 x2 Gauss-Legendre rule (i.e full integration scheme) is employed to integrate bending, membrane, shear and inertia terms in the energy expressions for our new four node drilling degrees of freedom shell element.
Numerical Results and Discussions
Numerical results are carried out to study a number of test problems to validate the present finite element formulation. The following boundary conditions are adopted in the analysis: [20] for the displacement at the loaded end is 0.35583 cm. The results from various mesh densities are shown in Table 1 . As can be seen from the results, the present results show convergence to the analytical solution [20] on the refinement of the mesh densities.
Example 2: Scordelis-Lo roof under gravity loading
The cylindrical shell roof [17] problem shown in Figure 3 , is a well known benchmark problem to assess the behaviour of shell elements. [8] , FEM [8] and NASTRAN [8] in Table 2 . As expected, all the formulations are in excellent agreement with each other on the refinement of mesh densities.
Example 6: Vibration and buckling analysis of composite plates and shells
From an earlier literature review, it is found that there is no result on the transient behaviour of initially stressed laminated composite shells to the best of authors' knowledge. However the analytical results [23] Tables 3 and 4 . Close agreement is observed between present and other published results [23] .
Example 7: Vibration analysis of folded laminated composite plates
In this example, the natural frequencies of cantilever folded composite plate are examined for which FEM [10] [11] The results from a mesh density of 72 elements in full panel are shown in Table 5 along with the results from Niyogi et al [10] and Lee et al [11] . The present results from FSDTC4 and FSDTV4
are in close agreement with previously published results. From Figure 16 , it is found that due to compressive nature of the prestress, the folded plate panel shows higher response as compared to Null and tensile prestress. From Figure 17 , it is found that the skin stacking sequence with all 0 o orientations gives higher response than angular orientations due to the trade off effects between stiffness, mass and buckling matrices. and ECLT (a/h=10) (solid), f) DKT (a/h=100) (dashed) and ECLT (a/h=100) (solid) Tables   Table 1: Vertical deflection in cm of the mid-point of the free end of the cantilever beam. 
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